Introduction: Growing evidence suggests that occupational exposure to carbon black may be a risk factor to the cardiovascular and respiratory systems. Objectives: To spotlight cardiopulmonary changes among workers exposed to carbon black, to find out different risk factors which may increase the health hazards and to determine the most effective intervention strategy to limit health hazards of carbon black exposure. Materials and Methods: A cross sectional study was done in carbon black factory in Borg Elarab , Alexandria. The studied group was subjected to a questionnaire including detailed occupational, present and past histories. General examination was done, blood pressure was measured in erect and supine positions and average was taken. Mean arterial blood pressure was calculated. Investigations were done including: CBC, pulmonary function testing (FVC and FEV1) and Plain chest x-ray. Results: the current study detected that DBP was higher among highly exposed group ( 80.7±9) compared to moderately exposed (77.6±9) and unexposed (76.5±8) (statistically significant ). Mean arterial blood pressure was higher among highly exposed (95±8.4) and moderately exposed (92.3±9) group compared to unexposed group (84.5±8.6) and also highly exposed departments compared to moderately exposed with significant difference . As regard FEV1 was higher among unexposed group (3.8±0.7) compared to moderately exposed (3.5±0.8) and highly exposed (3.4±0.9) with statistically significant difference (p < 0.05). Also FVC was higher among unexposed group (4.8±0.7) compared to moderately exposed group (4.6±0.9) which was slightly higher than highly exposed group (4.3±0.8) with statistically significant difference. Both % of FEV1/FVC and
Introduction
Exposure to particulate air pollution has been associated with cardiovascular morbidity and mortality in numerous epidemiologic studies (Brook 2008 ; Pope et al. 2004 ).Carbon black (CB), a combustion by-product, is a widely used marker of traffic pollution and has been linked to cardiac and ventricular arrhythmias (Rich et al. 2005 ), STsegment depression (Gold et al. 2000) , decreased flow-mediated vascular reactivity (O'Neill et al. 2005 ), lowered heart rate variability , and increased cardiovascular mortality (Maynard et al. 2007 ). Growing evidence suggests that trafficrelated pollution, including CB, may be driving the cardiotoxic effects observed in response to air pollution exposures. A few recent studies have examined associations between Carbon black are very fine powdered forms of elemental carbon and are manufactured by several different processes which all involve the controlled vapour phase pyrolysis of liquid or gaseous hydrocarbons (Gardiner, 2006) . Currently, the oil furnace process accounts for more than 95% of world production, with most of the carbon black being used in the production of tyres, iron and steel industries (Kupper et al. 2006 ). The main concern about exposure to carbon black is the ultrafine size of FVC/PVC were higher among unexposed group (84.6±7.6) and (89±7.6) compared to heavily exposed (77.6±9) and (85.3±9) and moderately exposed (80±5) and (87±7) respectively with statistically significant difference. As regard the effect of work duration and smoking index; statistically significant inverse correlation was detected between all pulmonary function tests (PFT) versus duration of exposure among highly exposed group. Among moderately exposed group there is a statistically significant inverse correlation between FVC, FEV1 and FVC/PVC but no significant correlation could be detected versus FEV1/FVC. Conclusion: Carbon black exposure plays an important role in deterioration of pulmonary functions and elevation of diastolic and mean arterial blood pressure. Smoking plays a synergistic effect together with carbon black in induction of pulmonary and blood pressure changes. Key words: Carbon black, Blood pressure risk factors, pulmonary function tests, Smoking index, the primary particle (10-500 nm) and their aggregates (80-800 nm), although no research has been undertaken to evaluate the size distribution of the agglomerates found in occupational environments. The studies evaluating respiratory morbidity and mortality started in the early 1950s. Also, known carcinogenic polyaromatic hydrocarbons (PAHs) are adsorbed onto the surface of carbon black, although evidence of their bioavailability is equivocal (Gardiner, 2006) . Recently, the International Agency for Research on Cancer (IARC) classified carbon black as a possible human carcinogen (2B) based on animal evidence (Van Tongeren, 2000) . A detailed review of the literature on the respiratory health effects of occupational exposure to carbon black has been published by Gardiner (1995) . He reported that exposure-response relations were evident for small opacities on chest radiographs, forced expiratory volume in 1 second (FEV1) and forced midexpiratory flow (FEF25%-75%), and the symptoms of chronic bronchitis.
Since the review by Gardiner, several researches have been published from studies in Germany and Poland (Küpper et al 2006) reported evidence of a relation between exposure to carbon black and lung function, albeit only among smokers, and hence a synergistic effect between smoking and exposure to dust was postulated. Szozda reported cases of hypertension and pneumoconiosis among Polish carbon black workers (Szozda, 2005) This work describes the results of the cross sectional analyses of respiratory health and blood pressure changes among carbon black workers in Alexandria, Egypt.
Objectives
-To spotlight cardiopulmonary effects among workers exposed to carbon black -To find out different risk factors which may increase the health hazards?
-To determine the most effective intervention strategy to limit health hazards of carbon black exposure
Materials and Methods
Type of the study: Cross sectional study Sample size justification: sample size was calculated guided by prevalence of pulmonary disorders among carbon black exposed workers.
Manual formula used for this purpose which depends on power of the used test to be 80%, with beta error 20%. Confidence level was 95% and hence z-score of 1.96 and accepted margin of error to be 0, 05.
Total sample calculated was 410 workers
Subjects: 410 workers in carbon black factory in Alexandria in Egypt were enrolled in this study and they are further classified into 3 subgroups according to the level of exposure. Highly exposed workers were included in packaging and main production and raw material processing (100 workers), moderately exposed workers in maintenance and final production (250 workers). The third group was unexposed group which include 60 administration, projects and security workers.
Sampling plan: Workers were allocated to this study by simple random selection according to their ID numbers which were used as a sample frame Exclusion criteria: Workers who have a past history of pulmonary or cardiovascular disorders as bronchitis, hypertension and ischemic heart disease were excluded from this study.
Methodology: All workers were subjected to a detailed questionnaire including occupational, past and present histories of any disease, any treatment taken, and special habits especially smoking. General examination was done, blood pressure was measured in erect and supine positions and the average was taken. Mean arterial blood pressure were calculated using the following formula (diastolic x 2) ± (systolic/3). (Clinton, 1992) .
Results
The current study shows that average age was (33.6±12, 37.5±13 and 35±10) among the 3 studied groups respectively , all examined workers were male, with average work duration of 8.5±3, 6.7±2.2 and 7±2 respectively with no statistically significant difference between the studied groups (p value >0.05). As regard smoking, current smokers were (24%, 24.4% and 35%) of the 3 groups respectively with no significant difference in between p>0.05. Table ( 1) shows that DBP was higher among highly exposed group ( 80.7±9) compared to moderately exposed (77.6±9) and unexposed (76.5±8) with statistically significant ( p <0.05). Mean arterial blood pressure was higher among highly exposed (95±8.4) and moderately exposed (92.3±9) group compared to unexposed group (84.5±8.6).
Figure (1) Comparison between the studied groups as regard DBP
Figure (1) shows that highly exposed group had the highest median DBP compared to the other two groups. Table ( 2) shows that lung congestion (increased broncho vascular markings) and cardiomegally were more frequent among highly exposed group compared to other two groups with statistically significant difference. On the other hand no statistically significant difference could be detected between the 3 studied groups in comparing the clinically or laboratory findings. Table ( 3) shows that both FEV1 and FVC were lower among highly and moderately exposed groups compared to unexposed with statistically significant difference. Both % of FEV1/FVC and FVC/PVC were lower among highly and moderately exposed groups compared to unexposed with statistically significant difference Table (4) shows statistically significant inverse correlation between all PFT versus duration of exposure among highly exposed group. On studying the moderately exposed group there is a statistically significant inverse correlation between FVC, FEV1 and FVC/PVC but no significant correlation could be detected versus FEV1/FVC. On the other hand there is no statistically significant correlation could be detected between PFT versus duration of work among unexposed group. Table ( 6) shows that non smoker unexposed group had lower SBP, DBP and MABP compared to smokers exposed with statistically significant difference in between p <0.05.
As regard PFT exposed smokers had lower FVC, FEV1, FEV1/FVC and FVC/ PVC compared to exposed non smoker and unexposed smokers with statistically significant difference.
Discussion
This study was performed on 410 workers in carbon black factory in Alexandria , Egypt .The aim of the work was to investigate the respiratory and cardiovascular health hazards due to exposure to carbon black. Carbon black is considered one of the most popular pollutant in Egypt environment and this was the main concept of this thesis to spotlight possible short and long term effects on workers and hence on the general population.
Average age of the studied group was 35.5±5 and all of them were males with average duration of employment 7±3.2 years. The studied group was classified into 3 subgroups according to the level of exposure to the carbon dust (highly, moderately and unexposed). There is no statistically significant difference between the studied groups as regard age, duration of employment and smoking index.
The current study shows that DBP was higher among highly exposed group ( 80.7±9) compared to moderately exposed (77.6±9) and unexposed (76.5±8) with statistically significant difference ( Table1). This agreed with a study done by Gardiner et al, 2001 in Europe on 19 carbon black factories, they found that DBP was higher among carbon black exposed workers (84.5±7) compared to unexposed group (75±4 ) with statistically significant difference . Several mechanisms were described to explain the pathogenesis of hypertension induced carbon black exposure through the effect on micro RNA genes which claimed to induce hypertension but the exact mechanism were not clearly understood as concluded from Walker et al. 2010.
On the other hand the current study found that mean arterial blood pressure (MABP) was higher among highly exposed (95±8.4) and moderately exposed (92.3±9) group compared to unexposed group (84.5±8.6) and also highly exposed departments compared to moderately exposed with significant difference according to post hoc test p value less than 0.05 as shown in Table 1 . These results were similar with a study done by Love et al 2009 which examine the relation between occupational exposure to carbon black among heavy clay industry workers ( 300 workers). They detected that the average MABP among exposed departments like production and preparation were 97.6±3 compared to 89±5 among clerks in the same factory as a non exposed group with significant difference in between both groups. Another study done by Bartoli et al 2009 which supports the direct relationship between higher MABP among carbon black non obese non smoker group compared to matched unexposed group with statistical significant difference p<0.05.
The old explanation of carbon black induced hypertension may be due to atherosclerotic changes that my happen with long term repeated exposure to carbon black especially if associated with smoking. This hypothesis was supported by Mossman et al, 2007 who deduced that inhalation of carbon black about 0.5 ml/day for consecutive days, lead to decline in acetylcholine and atherosclerotic plaque increased in size compared to a low dose exposure of carbon black with no abnormalities could be detected.
On the other hand another mechanism which described vascular changes in relation to other carbon black components as polyaromatic hydrocarbons and benzopyrene by activation of the aryl hydrocarbon receptor and formation of reactive metabolites, both of which lead to increased oxidative stress ( Gentner and Weber , 2011).
As regard radiological findings, lung congestion (increased broncho vascular markings) and cardiomegally were more frequent among highly exposed group compared to other two groups with statistically significant difference Table ( 2). On the other hand no statistically significant difference could be detected in between the 3 subgroups as regard CBC and clinical examination. These findings reflected the difficulty in early detection of pulmonary and CVS changes due to vague symptoms and non conclusive clinical findings; so routine plain chest x-ray-is mandatory in addition to pulmonary function tests for early detection of any changes. In a study done by Quanjer PH et al, 2003 in which 350 workers exposed to carbon black are examined in comparison to administrative workers in same factories, he reported that cardiomegally was more frequent among exposed group in comparison to unexposed group. Radiological findings may be explained as back pressure changes due to lung fibrosis although cases may be still compensated not yet evident clinically as heart failure. The current study detected 40 cases out of 350 exposed workers complaining of restrictive lung changes which may be due to repeated inhalation of fine carbon black particles for long duration. The current study described the possible effects of carbon exposure on pulmonary functions Table( 3) which showed that FEV1 was higher among unexposed group (3.8±0.7) compared to moderately exposed (3.5±0.8) and highly exposed group FEV1 was (3.4±0.9) with statistically significant difference. Also FVC was higher among unexposed group (4.8±0.7) compared to moderately exposed group (4.6±0.9) which was slightly higher than highly exposed group (4.3±0.8) with statistically significant difference. Both FEV1/FVC % and FVC/PVC % were higher among unexposed group (84.6±7.6) and (89±7.6) compared to heavily exposed (77.6±9) and (85.3±9) and moderately exposed ( 80±5) and (87±7) respectively with statistically significant difference. These results agreed with the work done by Alexeeff et al 2007, who tested different predictors of impaired lung function on heavy exposed carbon black workers. Findings described by this study were FEV1 3.5±0.8 compared to 4.1±0.8 among unexposed group with statistically significant difference. On the other hand FEV1/FVC in the same study among exposed group was 78±10 compared to 85±13.4 among non exposed group but no significant difference as regard FVC/ PVC which is slightly lower among exposed group (p>0.05). Also our study was concomitant with the study done by Bartoli 2009 who detected that there is a significant decline of FVC/PVC among exposed group compared to non exposed group.
As regard the relation between work duration versus blood pressure and pulmonary function tests as shown in Table ( Smoking duration and amount/day played an effective role in decreasing lung volumes in addition to the cumulative effect on atherosclerotic process and increase mean arterial blood pressure.
As regard the role of smoking, the current study concluded that smoking may play a synergistic effect on both pulmonary and blood pressure changes as shown in Table ( 6) .It is evident that non smoker among exposed group had lower SBP, DBP (124±10, 76±12 respectively) compared to smokers with SBP 129±14 and DBP 80±15 with statistically significant difference. As regard PFT the exposed smokers had lower FVC (4.1±1.5) compared to non smoker with FVC (4.4±1) with significant difference and also FEV1 was lower among smoker group (3.0±0.9) compared to non smoker . On the other hand there is no significant difference between smokers and non smokers as regard other variables. Also blood pressure and PFT among exposed group irrespective to smoking were worse with significant difference compared to unexposed group and this make spotlight of the synergistic effect of smoking. These results were in agreement with a study done by Simpson et al, 2008 who compare smoker exposed to carbon black versus non smoker and get the same conclusion of possibility of synergistic effect on pulmonary functions and blood pressure. Smoking also may play a role in increasing the intake of carbon black fine particles by inhalation and by contaminated hands; in addition to the atherosclerotic effect of smoke and direct effect on lung parenchyma.
Conclusion
Carbon black exposure plays an important role on deterioration of lung functions and elevation of diastolic and mean arterial blood pressure. Duration of exposure and smoking index played an important role on the effect on pulmonary function tests and blood pressure. This reflect the great role of health education for those exposed workers to cover this issue of smoking from this point of view of cumulative effect in addition to their daily exposures which may enhance cardio-pulmonary health hazards.
